Five clinical isolates of
Introduction
Gardnerella vaginalis is a 'Gram-variable' bacterium, which has been associated with bacterial vaginosis. 1 The Tet M determinant, encoding high-level resistance to tetracycline, has been detected in a wide range of bacteria and the presence of this determinant in urogenital bacteria has been well documented. 2, 3 The tet(M) gene is usually located on the chromosome, and has been associated with a number of conjugative transposons including Tn1545, Tn916 and Tn919, although it may also be plasmid encoded. 4, 5 It has been demonstrated that tet(M) genes from different host backgrounds exhibit a mosaic structure. 5, 6 High-level tetracycline resistant in strains of G. vaginalis examined to date have carried the Tet M determinant on the chromosome. 2, 7 We have examined the nucleotide sequences of the tet(M) gene in five clinical isolates of tetracycline-resistant G. vaginalis and compared them with other tet(M) sequences described.
Materials and methods

Preparation of DNA and nucleotide sequencing
Five clinical isolates of G. vaginalis (G2, G3, G4, G11 and G56) known to carry tet(M) were used. 7 Isolates subcultured on blood agar base (Unipath, Basingstoke, UK) supplemented with fresh horse blood were incubated in humidified air with 5% CO 2 at 37°C for 48 h. Five colonies were suspended in 50 L of distilled water and lysed by heating to 95°C for 5 min. Five microlitres of the lysate were used to provide the template for amplification of the tet(M) gene by the polymerase chain reaction (PCR), as described by Gascoyne-Binzi et al. 5 The PCR product was purified using the Wizard PCR Preps DNA purification system (Promega, Southampton, UK) and the nucleotide sequence of the PCR amplimer was determined as described by Gascoyne-Binzi et al. 5 
Location of tet(M) and related sequences
Plasmid DNA carrying the tet(M) gene and sequences from transposon Tn919 were prepared from Escherichia coli (pCI160) using alkaline lysis and ultracentrifugation as described previously. 8 A probe for the tet(M) gene was synthesized by PCR as described above, except that the deoxynucleotide bases were replaced by PCR labelling mix (Boehringer Mannheim, Lewes, UK), and the template was replaced by plasmid pCI160. The product was purified using Wizard PCR preps purification system (Promega, Southampton, UK). Whole plasmid PCI160 was labelled using the DIG labelling kit (Boehringer Mannheim, Lewes, UK).
Genomic DNA was prepared by the method of van Soolingen et al. 9 DNA (2 g) was digested with the restriction endonuclease HindII (an isoschizomer of HincII) which has been used to characterize Tn916-like elements. 4 The DNA fragments were separated on 0.8% agarose gel 
Results
Four of the tetracycline-resistant strains carried tet(M) genes with identical nucleotide sequences and strain G2 was selected as the representative. These strains had different biotypes. One isolate, G4, had a different tet(M) sequence from that of the other strains. In each case, the gene encoding Tet M was carried on a single HindII restriction fragment. In these strains, the sizes of the fragments carrying the Tet M determinant vary from one strain to another ( Figure 1 ) and range from 4.7 kbp (G2) to 10 kbp (G3). Identical hybridization patterns were obtained for each individual strain using the internal tet(M) probe and the probe carrying sequences external to tet(M) (data not shown).
The nucleotide sequences of G2 and G4 show 98.4% identity to each other at the nucleotide level and 98.3% similarity at the amino acid level. These sequences have been deposited with GenBank and have been allocated the accession numbers U58985 (G2) and U58986 (G4). The nucleotide sequences were aligned using DNASIS for Windows (Hitachi, San Bruno, CA, USA) and compared with other tet(M) sequences on the GenBank-EMBL databases (Tn1545, accession number X04388; Tn916, accession number M85225; Ureaplasma urealyticum, accession number X06901; Staphylococcus aureus, accession number M21136; plasmids pOZ100 and pOZ101 from Neisseria gonorrhoeae, accession numbers L12241 and L12242, respectively). Identity in nucleotide sequence was found in different sections of tet(M) described from transposons Tn1545 and Tn916 and plasmid pOZ100. The nucleotide sequence data of the tet(M) genes from these various sources are shown in Figure 2 .
Discussion
The nucleotide sequences of the two versions of the tet(M) gene in G. vaginalis presented here do not show complete identity with any of the published tet(M) gene sequences.
Comparison of the two G. vaginalis tet(M) nucleotide sequences with tet(M) sequences from other sources suggests that different parts of tet(M) in the G. vaginalis
isolates share identity with segments of the gene from different sources. The 5 ends of the sequences of G2 and G4 are homologous with the 5 end of the sequence from the American type plasmid of N. gonorrhoeae (plasmid pOZ100). Elsewhere, the sequences of G2 and G4 share identity with sequences from Tn916 and Tn1545.
The Tet M determinant is frequently carried on a transposon and many bacteria carry sequences of DNA similar to Tn916, but which lie outside the tet(M) gene. Bentorcha et al. 4 examined isolates of oral streptococci and enterococci which carried tet(M), and divided the strains into three categories: those that only carried tet(M), those that carried Tn916-like elements and those that carried Tn916-like structures but had a different HincII organization from the classic Tn916 transposon (termed Tn916-modified structures). 4 Unlike the structures examined by Bentorcha and co-workers, we did not see hybridization with multiple HindII fragments, even when the whole of plasmid pCI160 was used as the probe. Strain G2 carries the Tet M determinant on a 4.7 kbp HindII fragment, whereas in the other strains tet(M) is carried on fragments approximately 7-10 kbp in size. These fragments are relatively small when compared with the sizes of the conjugative transposons, and this suggests that sequences homologous to Tn916 transposition functions are not present in the five G. vaginalis strains and that these five isolates contain only the Tet M determinant.
In contrast to the strains examined in this study, Roberts et al. 2 found that only one of two tet(M) carrying isolates of G. vaginalis also carried DNA homologous to the region flanking the tet(M) tetracycline resistance gene from Streptococcus agalactiae. In a later study, three isolates of G. vaginalis were found to carry only the tet(M) gene and were unable to transfer the Tet M determinant. 3 It is possible that the four isolates in the current study with identical tet(M) nucleotide sequences may have acquired the gene from the same ultimate source and that isolate G4 presumably acquired its resistance gene from a different source. This supports the hypothesis of Roberts that there has been multiple introduction of the Tet M determinant into the urogenital flora. 3 Analysis of the nucleotide sequences suggests that the evolution of tetracycline resistance in the genital flora has involved the acquisition and recombination of tet(M) genes from different sources. It is possible to speculate that the mosaic structures that result may allow the stable coexistence of tet(M) in hosts with very different GC ratios. The rearrangements may, however, simply reflect the chance recombination of two variants of the same gene conferring no particular advantage on either of the new alleles. It is not surprising that strains of G. vaginalis do not carry tet(M) genes with sequences identical to one another. Around the world, strains of N. gonorrhoeae have been reported to have acquired one of two different plasmids encoding high-level tetracycline resistance. 10 The tet(M) genes from these two plasmid types were found to have different nucleotide sequences and were shown to have gene structures with segments of DNA sharing identity with tet(M) found in U. urealyticum, Tn916 and Tn1545. These findings have been confirmed by Oggioni et al., 6 who analysed eight different tet(M) genes deposited with GenBank and suggested that the tet(M) genes possessed a mosaic structure derived from two alleles which they termed white (typified by S. aureus) and grey (typified by Tn1545). The results presented in this paper extend the observations of tet(M) genes with a mosaic structure to yet another bacterial species.
